Potent inhibitory activity of the leaves of Myrica rubra against both chemical and enzymatic (tyrosinase and lipoxygenase) oxidation was found in our project to develop utility of unused and rarely used plant resources in the local area. A constituent analysis of the most active ethyl acetate-soluble part of a methanol extract of the leaves clarified the structures of eight major compounds. The tyrosinase and lipoxygenase inhibitory activities and DPPH radical scavenging activity of the isolated compounds were measured as indicators of the inhibitory capacity against the enzymatic and chemical oxidation of food. The obtained data indicate that the chemical and enzymatic (lipoxygenase and tyrosinase) antioxidant activities of the leaves mainly depended on the galloyl flavonoid derivatives.
Potent inhibitory activity of the leaves of Myrica rubra against both chemical and enzymatic (tyrosinase and lipoxygenase) oxidation was found in our project to develop utility of unused and rarely used plant resources in the local area. A constituent analysis of the most active ethyl acetate-soluble part of a methanol extract of the leaves clarified the structures of eight major compounds. The tyrosinase and lipoxygenase inhibitory activities and DPPH radical scavenging activity of the isolated compounds were measured as indicators of the inhibitory capacity against the enzymatic and chemical oxidation of food. The obtained data indicate that the chemical and enzymatic (lipoxygenase and tyrosinase) antioxidant activities of the leaves mainly depended on the galloyl flavonoid derivatives.
Key words: Myrica rubra; unused leaf; antioxidant activity; tyrosinase inhibitory activity; lipoxygenase inhibitory activity
Oxidative deterioration of foods occurs through two processes involving chemical and enzymatic oxidation. These oxidative processes sometimes result not only a loss of market value, but also a loss of nutritional value for the food. Chemical oxidation can be prevented by adding an antioxidant, and enzymatic oxidation can be protected by a specific inhibitor of the oxidative deterioration enzymes in food such as lipoxygenase and tyrosinase. A substance bearing these antioxidant activities is an important agent for the control of food quality. A large number of studies seeking such active substances have been conducted, and many antioxidants and enzyme inhibitors have so far been found. It should be noted that the use of a substance having inhibitory activity against both chemical and enzymatic oxidation would substatially benefit the oxidation control of food. We have already screened active plant resources from characteristic local areas for inhibiting chemical and enzymatic oxidation [1] [2] [3] [4] and recently found that the leaf extract of Myrica rubra showed remarkably potent chemical and enzymatic (tyrosinase and lipoxygenase) inhibitory activities. Although Myrica rubra (Japanese name: Yamamomo) is the symbolic tree of Tokushima prefecture, its fruit is cultivated to eat and its bark is used in Chinese medicine, 5) the leaves of the plant are not utilized much, even in the plant-cultivation area. Turunaga et al. have recently found antioxidant activity of the leaves of M. rubra and then investigated the sexual diversity on the radical scavenging activity of the tree. 6) Myricetin rhamnoside from M. rubra has been applied as an antioxidative food additive, 7) and various phenolics were observed in the leaves by an LC-MS analysis.
8) The antitumor activity and constituents of the leaves have also been revealed. 9) However, further investigation is still required to develop uses for the leaves. Chemical evidence for the potent chemical and enzymatic antioxidant activities of the leaves of M. rubra is revealed in this report on the basis of a constituent analysis. The obtained results should contribute to the future utilization of M. rubra leaves.
Fresh leaves of M. rubra (1.7 kg, collected in Komatsushima, Tokushima) were soaked in methanol (20-liter) for 10 d at room temperature. After filtration, the solution was evaporated to give a methanol extract (309 g). The enzymatic and chemical antioxidat activities of the extract were measured by tyrosinase and lipoxygenase inhibitory assays and by a DPPH radical scavenging assay. The tyrosinase inhibitory activity of the extract was evaluated by the microplate method previously reported, 3) lipoxygenase inhibitory activity was assessed according to the method of Ha et al., 9) and a DPPH radical scavenging assay was employed to examine the antioxidant capacity of the extract, the assay being carried out according to the method previously reported.
1) The inhibitory activities were 0.23 mg/ml (tyrosinase inhibition), 26 mg/ml (lipoxygenase inhibition) and 6 mg/ml (DPPH radical scavenging) as IC 50 values. All inhibitory values were comparable to those of the family of plant extracts from our previously examined Okinawan plant resources. [1] [2] [3] The methanol extract (300 g) was dissolved in methanol (2-liter) and water (0.2-liter) and then partitioned with hexane (2-liter) to give the hexane-soluble fraction (H, 27 g). The residual layer was evaporated and then suspended in water (2-liter). The water suspension was extracted twice with ethyl acetate (2-liter and 1-liter) to give the ethyl acetate-soluble fraction (E, 64 g). The residual solution was partitioned with water-saturated butanol (2-liter) to give the butanol-soluble fraction (B, 92 g), and the residual water solution was evaporated to give the water-soluble fraction (W). The activities of the fractions were 21 AE 7% (H), 62 AE 2% (E), 43 AE 1% (B), À3 AE 5% (W) (26 mg/ml for lipoxygenase inhibition); 13 AE 1% (H), 86 AE 2% (E), 66 AE 1% (B), 34 AE 2% (W) (500 mg/ml for tyrosinase inhibition); and 9 AE 3% (H), 67 AE 4% (E), 46 AE 0% (B), 15 AE 0% (W) (6 mg/ml for DPPH radical scavenging). These data indicate that the major compounds contributing to the enzymatic and y To whom correspondence should be addressed. Fax: +81-88-656-7244; E-mail: masuda@ias.tokushima-u.ac.jp Biosci. Biotechnol. Biochem., 74 (1), [212] [213] [214] [215] 2010 Note non-enzymatic antioxidant activities were probably present in the most active ethyl acetate-soluble fraction. The ethyl acetate-soluble fraction (64 g) was next subjected to silica gel column chromatography, eluting with an increasing concentration (from 5% to 100%) of methanol in chloroform including 1% acetic acid. The 50% methanol-eluted fraction (13 g) was subjected to ODS (Cosmosil 140 C18-OPN) column chromatography, eluting with an increasing concentration (from 10% to 100%) of methanol in water. The 40%-eluted sample (0.6 g) was purified by preparative HPLC, using a TSK-GEL ODS-80TS (20 Â 250 mm) column (solvent of 1% AcOH in CH 3 OH-1% AcOH in H 2 O ¼ 9:11) to give 1 (179 mg) and 5 (42 mg). The 30% methanol-eluted sample (30 g) from the first silica gel chromatography was subjected to ODS column chromatography, eluting with an increasing concentration (from 5% to 100%) of methanol containing 1% AcOH in H 2 O. The 40% methanol-eluted sample (600 mg) was purified by Sephadex LH-20 column chromatography, eluting with 1% AcOH in CH 3 OH, and then by preparative HPLC (solvent of 1% AcOH in CH 3 OH-1% AcOH in H 2 O ¼ 9:11) to give 2 (161 mg) and 3 (49 mg). The 5% methanol-eluted sample from the second ODS chromatography (55 mg) was purified by preparative HPLC (solvent of CH 3 CN-1% AcOH in H 2 O ¼ 1:3) to give 6 (27 mg) and 7 (17 mg). The 40% methanol-eluted sample from the first silica gel chromatography (14 g) was subjected to ODS chromatography, eluting with an increasing concentration of methanol containing 1% AcOH in H 2 O. The 30% methanol-eluted sample (520 mg) was purified by preparative HPLC (solvent of CH 3 CN-1% AcOH in H 2 O ¼ 9:11) to give 1 (151 mg), 4 (7 mg), and 5 (17 mg). The 5% methanol-eluted sample (1 g) from the first silica gel chromatography was subjected to ODS column chromatography, eluting with 30% methanol containing 1% AcOH in H 2 O, and then purified by preparative HPLC (solvent of CH 3 CN-1% AcOH in H 2 O ¼ 3:17) to give 8 (7 mg). Figure 2 shows gradient HPLC analytical data for all the constituents in the ethyl acetate-soluble fraction. The above-mentioned procedure enabled eight major peak compounds (1) (2) (3) (4) (5) (6) (7) (8) to be isolated in pure form, and their structures were identified by comparing the spectroscopic data and chromatographic behavior reported for authentic samples (Fig. 1) . [10] [11] [12] Compounds 1-5 were myricetin glycoside, and 2, 3 and 5 were galloyl ester derivatives. The attached position of the galloyl group for each compound was determined by the low-field-shifted signal of the adjacent sugar proton in the 1 H-NMR spectrum or by the observed correlation between the carbonyl carbon of the galloyl group and the attached sugar proton in its HMBC spectrum. 6 and 7 were epigallocatechin and galloylated epigallocatechin, and their absolute stereochemistry was the same of that of tea catechins from their negative optical rotation values. Only 8 was a non-flavonoid, cinnamic acid. The other peak compounds could not be isolated, because the observed peak still contained a mixture of several other compounds. The antioxidant activities, including inhibition of the oxidation enzymes, of the eight isolated compounds were measured, and the data are summarized in Fig. 3 . Figure 3A shows the DPPH radical scavenging activity of the isolated compounds (5 mM). The DPPH radical scavenging value is frequently used as an indication of the antioxidant capacity of a substance. All compounds except for 8 showed reliable antioxidant capacity, which indicated potent antioxidant activity of the compounds. In particular, 2, 3, 5, and 7 showed almost twice the value of other phenols. The galloyl structure is well known to confer high radical scavenging ability. All flavonoid compounds 1-7 bear the galloyl structure on their B ring, and 2, 3, 5, and 7 are also galloyl ester compounds; therefore, the high scavenging nature of the galloyl parts reflects the high activity of each compound and the original extract containing them. Figure 3B shows the dose-dependent inhibitory effect of compounds 1-8 on the lipoxygenase activity. Compound 7 had the highest activity, with 6 and 1 following next; however, almost no activity was apparent in 4, 5, and 8. In structural terms, 6 and 7 are epigallocatechins, and 7 is a galloyl ester, indicating that the gallocatechin structure conferred strong inhibitory activity and that the galloyl ester might have enhanced the activity, whereas the galloyl ester might have reduced the activity in the case of myricetin rhamnosides. Skrypczak-Jankun et al. have recently reported the complex formation of epigallocatechin and lipoxygenase by their X-ray analysis. 13) Such direct interaction of the epigallocatechins with lipoxygenase might explain the potent inhibitory activity of the extract. Figure 3C shows the tyrosinase inhibitory activity of the isolated compounds, all compounds having activity between 0.1 and 1 mM concentration. Although no significant difference was apparent in the effective activity of each compound, galloyl esters 2, 3, 5, and 7 showed stronger activity than the non-galloylated compounds. Myricetin and its rhamnoside have been found in the leaves as tyrosinase inhibitors by Matsuda et al., 14) although they did not mention any galloyl esters. Cinnamic acid (8) also showed strong activity. The conjugated carboxylic acid structure has tyrosinase inhibitory activity by coordinating copper in the active cite of the enzyme; 15) therefore, 8 showed this activity and might have contributed to the extract's activity with the other flavonoids.
